The transformation behaviors of Sb-rich chalcogenide alloys with composition ratio of element group 14 to Sb ranged from 0.46 to 0.17 were investigated. The constant heating rate and isothermal annealings are applied to evaluate the transformation. The crystallization temperature at both annealing measurements increases with the ratio of element group 14 to Sb decrease. The activation energies determined from both annealing methods are similar. The Avrami exponents, ranged between 1.7 and 2.4, are extra values obtained from the isothermal measurements. The 2-D growth dominant mechanism is implied by the decided Avrami exponent values. Sb rhombohedral and Sb 7 Te are the major crystallized phases observed for four compositions and SnTe and InTe phases are mixed among the major phase matrix when samples are annealed at 250 o C for 30 min. The phase changed alloys have potential applications in the thermal sensor materials beside in the optical and electrical memory materials.
Introduction
Phase-changed (PC) materials are extensively used in rewritable high-density recording media, particularly in optical storage media, such as DVD-RAM, DVD±RW and BD-RE, and non-volatile memory media, such as PC random access memory (PC-RAM). Data information is stored in nano-sized scale in films or cells and retrieved by detecting the optical or electrical property differences between the amorphous and crystalline phases (1, 2) . The phase transformation of the PC materials is a thermal activated process. The optical constants and electrical resistance change with time at temperatures close to their crystallization temperatures. The chalcogenide alloys used in PC memory are robust in extreme harsh environments, especially in the cold or the radiated environments (3, 4) . This material characteristic provides a potential sensing application to monitor the changes of the optical reflectance and transmittance or electrical resistance with time at an elevated temperature in the harsh environments, such as in aerospace or in nuclear plants.
Two categories of the chalcogenide materials are commonly served with different crystallization behaviors.
One group (GST) is located on or near by the tie line of (5) .
Most of the researches are focused on the first group.
The phase transformation studies of PC materials are extensive (6) (7) (8) (9) (10) (11) . There are two methods used to evaluate the phase transformation behaviors. One is the constant heating rate annealing, and the other is isothermal annealing.
However, most of the explore techniques are to monitor the physical property differences varied with temperature at the constant heating rates between amorphous and crystalline phase states. The physical properties include thermal enthalpy (6, (8) (9) (10) , electrical resistivity (7, 11) , and optical reflectance (7, 10) or optical transmittance. The constant heating rate technique is relatively simple and easily operated but the activation energy of the transition process is the only retrieved value to describe the entire process.
Few physical phenomena are retrieved and understood from this activation energy. Correspondingly, two parameters, including the activation energy and the Avrami exponent are retrieved from the isothermal annealing measurements using the Johnson-Mehl-Avrami (JMA) formula. The growth mechanisms of the amorphous phase of the PC materials are determined by the Avrami exponent values (12) .
However, no comparison data between both methods are in a published document within the authors' knowledge.
In this study, we examine the phase transition kinetics of the eutectic alloys of Sb composition from 48 to 70.8 atomic percent under isothermal annealing and constant heating rate annealing and find the effect of Sb to (Sn+Ge) ratio on the crystallization behaviors.
Experimental
The chemical compositions of four sputtering targets are given in Table 1 was the same as that described in Table 2 which would not cause severe temperature increase in the sample film. An automatic data acquisition system was installed in the instrument to collect data. The detailed configuration of the instrument was published elsewhere (13) .
The annealing temperatures applied in each sample were a few degrees lower than the crystallization temperatures determined by the heating rate of 10 k/min. The crystallized fraction is assumed to be proportional to the transmittance difference and given as the equation below.
where f(t) is the transformed crystallization fraction, T(t) is the transmittance of the sample at the time t, T 0 is the measured transmittance at the initial stage, and T f is the final transmittance reading.
X-ray diffractometer (XRD, PANalytical X'pert Pro MRD) was conducted to determine the crystal phases Table 1 : Chemical compositions in atomic ratio of four sputtering targets used in this research Table 2 : sputtering parameters to prepare the deposited film before and after the phase transition. The X-ray was generated from the Cu target with beam size of 12mm by 0.4 mm and the scanning speed was 3 o /min. The powder was scratched from the thick film deposited on the glass substrate and the film deposition condition was the same as DSC sample powder preparation. The crystallized powder samples were annealed at temperature of 250 o C lasting for 30 min under N 2 environment. The computer searching software with the aid of the JCPDS card was used to identify the crystal structure of the annealed samples. GST alloys (8, 14) .
Results and Discussions
The DSC traces at heating rate of 5.25, which is over double value of the correction one and also over the normal expected ranges between 1 and 4 (12) .
The measured Avrami exponents for S1, S3, and S4 are The crystallized phases of four composition samples subjected to 250 o C for 30 minutes annealing are identified by XRD and Fig. 9 is the result. The bottom curve is amorphous phase obtained from as-sputtered powder of all samples. We apply five symbols, circle, cross, triangle, square, and prism to represent the Sb, Sb 7 Te, SnTe, InTe, and mixture of Sb+Sb 7 Te+SnTe phases. The major crystallized phases are Sb rhombohedral and Sb 7 Te. The other Te compounds are mixed among them. The element Te is located in the same group as element O and has the similar electron affinity as O and which Te compound precipitated out during the annealing is mainly dependent on the exact composition. Fig. 7 The Avrami exponent obtained from JMA formula. The t 0 correction in abscissa axis is required to shift the isothermal annealing S curve and to calculate the corrected exponents Fig. 8 The activation energies derived from the slopes of relation between the logarithm of time to complete 50% crystallized fraction versus the reciprocal of absolute temperature The Sb-rich chalcogenide alloys with composition ratio of element group 14 to Sb ranged from 0.46 to 0.17 were investigated to illustrate the phase transformation behaviors. The constant heating rate and isothermal annealings are applied to evaluate the transformation. The crystallization temperature at both annealing measurements increases with the ratio of element group 14 to Sb decrease. The activation energy is the only value obtained from the constant heating rate measurements by Kissinger's plot and is roughly a constant, 476±28 kJ/mole within the studied composition ranges. 
Conclusions

